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Abstract: The aim of this research is to develop IRT (infrared thermography) procedures 
for the monitoring of restoration interventions on ancient building surfaces (i.e. 
application of protective films, water repellent, restoration of plaster delamination), the 
surveillance of the risks areas (i.e. risk for dew, infiltration, thermal bridges, window 
frames). The possibility to include IRT among the monitoring techniques for the planned 
conservation depends on the reliability of the procedures in the field and its low costs. In 
such cases, the tests can be repeated in time and can be applied on the highest number of 
buildings, according to the philosophy of the planned conservation. The goal is to find the 
parameters of feasibility and effectiveness of the in situ IRT tests throughout the in field 
experience of a study case. S. Maria presso S. Paolo church, serves as study case. It is a 
15th Century building, settled in Cantù; the interior is frescoed and its decorated plasters 
have been recently under restoration. During the preliminary tests (passive and active 
IRT, psycrometry and climate monitoring, water content measurements on the surface 
and inside the masonry), a localised infiltration, causing a local damage, was found at the 
bottom of the masonry. At the end of the analysis, the condensation, which is distributed 
at any highness from the floor and that was responsible for most of the frescoes damage, 
was also realised as the main cause of damage. In fact, the church is seldom used and the 
restoration did not include the addition of a heating plant. Because it is not convenient to 
sharply change the microclimatic conditions for the best preservation of fresco, the 
preservation plan had to include temperature monitoring of the risk surfaces and control 
how the frescoes permeability could change due to the application of restoration products 
in the years after the intervention. 
 
Introduction: The localisation of the areas where thermal gradients occur is an important 
issue for the early detection of damage: the colder zones can be responsible for thermal 
bridges (at risk of condensation in case of high RH values), and/or anomalous water 
content. In case of ambient conditions out of control, without a HVAC (Heating 
Ventilation Air Conditioning) plant, monitoring the surface temperature can be a way to 
assess the real humidity condition of the wall surface [1, 2]. 
The test can be periodically repeated with a passive approach, and/or different active 
techniques, but in all cases without any damage for the wall. The repetition of the test 
allows finding out the variations of surface temperature, which is due to any unbalance 
between the masonry and the environment (or the microclimate); it constitutes an early 
alert for the damage that will occur in case the ambient conditions do not change. In fact, 
the control of ambient parameters is the way to prevent damage due to condensation and, 
generally speaking, the exchanges between surface and microclimate [3]. 
IRT has a prominent role among the diagnostic tools in planning preservation, to control 
the critical points in the structures (hydric plants, openings frames, chains/metallic 
elements and masonry) where leakage or thermal unbalance can occur and determine the beginning of damage. Most of all, in case of heating plants, IRT is effective to verify the 
real heating distribution on the surfaces [4], i.e. in the case of frescoes. The aim of the 
paper is to find the parameters of feasibility and effectiveness of the in situ tests. The 
study case of S. Maria presso S. Paolo properly serves to show the uses of IRT, because it 
is a typical 15th century small building, scarcely used, without a HVAC plant, with two 
sides free (on the roads) and two sides within the built fabric. Moreover, there is the first 
necessity to find out a convenient plan of the maintenance diagnosis because of the low 
possibility of fund rising and the high costs of the emergency intervention on the 
frescoes. 
 
Experimental: A study case: Santa Maria presso San Paolo in Cantù. 
The church of S. Maria presso S. Paolo is set at half slope of a hill in the northern blocks 
of Cantù. It is a single room, with an irregular apse. The openings are all on the façade 
(fig. 1) and in the southern side. The masonry components are rubble and bricks; the 
interior finishing is a frescoed plaster, the pictures are very precious because of their age 
(early 16th century) and the skills of the painters (Cristoforo De Mottis and Giovanni 
Ambrogio da Vigevano).  
 
Figure 1: Façade of Santa Maria presso San Paolo in Cantù 
 
Due to the damage at the wall basis, the frescoes got lost from bottom to 1.70 m up to the 
ground (fig. 2); major damage is due to humidity, even if the northern side and the vault 
is better preserved (fig. 3). The church is almost never open; there is not any heating 
plant. Repeated investigations in 1998 and 2001 allowed defining a diagnosis strategy 
with the minimum number of measurements for finding out the sources of water 
infiltration and the major risks for the frescoes (where the higher thermal gradients were 
found). Psycrometric maps, water content measurement and IRT were used to investigate 
the damage and risk causes.                       
Figures 2 & 3: (left) the frescoed apse before the restoration, damage is diffused at the 
basis of the wall and (right) the vault before the restoration, the fresco has stains due to 
many infiltrations 
 
Results & Discussion: IRT for monitoring rising damp and condensation took place (900 
LW Flir syste, thermocamera). 
The first IRT measurements set took place in October 1998. The first shot had a passive 
approach, in order to survey the natural thermal gradient on the surfaces [5]. 
In this way, it had been possible to visualise the critical zones as colder areas, at steady 
state conditions. Figure 4 shows the right side of the apse, where a substantial non-
homogeneity of the temperature distribution was found, due to the different materials and 
the employed building techniques. For example, in area 4, there is the insertion of a piece 
of an ancient frescoed brick wall (representing “Madonna del Latte”). At the basis of the 
wall, there is a dark area, which has a peak on the right (up to 1.80 from the floor), an 
average height of 0.80. Up to 2.5 m from the floor, there is a very smooth gradient, 
clearly detectable in the entire wall. 
In the same day, a second shot was obtained after the heating of the ambient, after half an 
hour of convective flux. The increase of the ambient temperature (about 4°C) should 
allow verifying if the colder zone at basis of the wall was due to condensation. The 
thermograms (fig. 5) were shot at transient conditions, in the cooling phase. The mosaic 
shows a different distribution of the thermal anomalies. The colder part is now reduced to 
a strip 30 cm large. Square 2 and 3 in fig. 4 are colder, while in fig. 5 they have almost 
the same average temperature of the wall. Comparing the results with the damage 
assessment, it can be assumed that the origin of the damage is condensation in the colder 
areas. 
Gravimetric tests [5] confirmed the hypothesis. Some samples were collected in the 
colder areas and as comparison, in the upper part of the masonry. The water content in 
the masonry (in the surface and 10-20 cm inside) is generally very low. Values of bricks 
are 0.3-0.4% and 0.4-3.4% in mortars. In the coldest area, the value is 3.4 at 7 cm inside, 
15 cm from the floor (fig. 6).                      
Figures 4 & 5: Thermograms of the right side of the apse 
 
1
2
3
4 5
A1
A2
A3 B3
B1
 
Figure 6: Scheme of the drilling samples 
 
Sample  Height from the ground  Material  RH% Content 
A1 (surf.)  140 cm  Plaster  1 % 
A1 (25 cm 
inside) 
140 cm  Mortar  0.4% 
A2 (surf.)  90 cm  Plaster  1.4 % A2 (4 cm inside)  90 cm  Mortar  0.6% 
A3 (surf.)  15 cm  Plaster  1% 
A3 (7 cm inside)  15 cm  Brick  3.4% 
B1 (surf.)  140 cm  Plaster  1.6 % 
B3 (surf.)  20 cm  Plaster  1.8% 
B3 (12 cm)  20 cm  Cement Mortar  1.1 % 
Table 1: Water content in gravimetric test 1998 
 
In January and February 2001 a second set of measurements was performed, obtaining 
similar results. Fig. 7 and 8 shows the further recapture after a higher convective heating 
(∆T = 10°C) of the ambient air. Particularly, fig 7 shows a colder zone (square 1), which 
was meant to be a patch in the vault plaster in the further investigation accomplished in 
2004. In the cooling phase the IRT shows the texture of the masonry. Rubbles appears at 
a highly different temperature from the mortar, instead the bricks are not clearly detected: 
the time of cooling of the two materials (brick and stone) is different and the thickness of 
the plaster is uneven. So the thermograms were shot taking an average time (about 40 
minutes after the end of the heating) and the recapture of the whole wall took about half a 
hour. Nevertheless, IRT does not show difference in the texture, which could give the 
reason of the different temperature in the colder area at the basis of the wall, which was 
shown in fig. 4 and confirmed in the new shots. 
 
 
 
Figures 7 & 8: Mosaic of thermograms, January 2001, after convective heating (￿T = 
10°C), shot in the cooling phase. In the vault IRT shows the presence of different plasters 
(fresco and restoration mortar, the colder areas); thermograms of the apse show the 
texture of the wall 
 The gravimetric analysis of samples (collected in the same areas as those in 1998) gave 
similar results, with an increase of rising damp in the dark zone (sample A3, table 2).  
 
Sample  Height from the ground  Material  RH% Content 
A1 (surf.)  135 cm  Brick  0.7 % 
A1 (5 cm inside)  135 cm  Brick  0.5% 
A1 (18 cm 
inside) 
135 cm  Brick/stone  1.2% 
A2 (surf.)  85 cm  Brick  1.3 % 
A2 (5 cm inside)  85 cm  Brick  0.6% 
A3 (surf.)  12 cm  Plaster  6.9% 
A3 (5 cm inside)  12 cm  Lime mortar  6% 
A3 (12 cm 
inside) 
12 cm  Stone  7% 
B3 (surf.)  12 cm  Plaster  3.2% 
B3 (5 cm)  12 cm  Stone  2.6 % 
Table 2: Water content by gravimetric test in 2001 
 
The results allowed the verification of the hypothesis that the apse was at risk of humidity 
due to condensation and rising damp due to a localized infiltration. The apse was built 
over the city wall and its irregular shape shows clearly the connection point of the 
middle-age masonry and the 15th century apse. Unfortunately, the sealing of the 
connection did not endure in the time and in case of rain the water can spill into the 
masonry from the joint between the two walls. It is to be taken into account that the 
exterior of the apse is inside a garden and the lower part of the masonry never receives 
direct solar irradiation due to a shed. Therefore, the lower temperature of this part of the 
wall (clearly showed in the first IRT shot, fig. 4)  
A last recapture was shot in January 2004, during the last restoration of the frescos. 
The vault and the apse pictures were fixed by means of acrylic resin (the pigmented 
layer), emulsified in water at 20-30% and hydraulic mortar added with carbonate calcium 
(for fixing the delamination of the plaster). The intervention began in 2002 and currently 
the restorers are finishing the last application of fixative (fig 9). 
  
 
Figure 9: The vault during the last phase of the restoration 
 The new IRT shot took place after a convective heating of 40 minutes (∆T = 8°C) of the 
ambient air. The recapture (fig. 10) allowed identifying the mortar due to an intervention 
made in the Fifties, checking the renewed adhesion of the plaster to the substrate and 
localising the consolidant spreading beneath the plaster. 
In the previous intervention (Fifties restoration), casein was added to the lime mortars; 
moreover, at a very close visual examination, the surface appears rougher, with a wider 
granulometry where the Fifties patches are. Laboratory tests investigated the porosity of 
samples collected from the original plaster and the patch. Thermograms show the pattern 
of the patches in the vault, along the horizontal crack, even where the colour fades and it 
is not possible to clearly distinguish the two mortars by in sight inspection. 
 
Figure 10: Mosaic of the thermograms: the colder areas correspond to the consolidant 
injected beneath the plaster 
 
Futhermore, the adhesive status of the plaster is documented by IRT: no delamination can 
be found (which should be shown as warmer areas during the heating phase). The 
consolidant injected beneath the plaster, where the delaminations were found before the 
intervention (fig. 11), now correspond to the colder small areas. The higher density and 
different thermal properties of the hydraulic mortar determine a delay of the surface 
heating, causing its lower temperature.  
In a previous work by two of the authors [7], it was found that the differences in thermal 
properties between various building materials and consolidants, it is possible to detect the 
respiration differences in the material by IRT. 
 
Figure 11: Scheme of the consolidant intervention by the restorator 
 On the other hand, the geometry of the vault and consequently, the uneven heating, 
prevents to discover the differences due to the components of the plasters at the apex of 
the vault (the upper part of the vault got a higher temperature while the central zone got 
the best temperature for the investigation) and at its lower part (a cold stream air licked 
the savory at the basis of the vault).  
Furthermore, some laboratory tests took place. Mercury intrusion porosimetry (measuring 
range of pores from ~10
-4 to 10
-9 m) and water sorption analysis (measuring range of 
pores from ~10
-7 to 10
-9 m) were used. The first (2000 series porosimeter by Fisons 
Instruments), allowed the calculation of the total porosity, total cumulative volume, pore 
radius average, bulk density and surface area. Each sample was submerged in a confined 
quantity of mercury and was tested up to a pressure of 1,800 bar. Sorption analysis was 
completed using a CISorp Water Sorption Analyser, under steady conditions of 
temperature (25°C) and pressure (1 atm), using the gravimetric method, across the range 
of 0 to 90% Relative Humidity. 
 
Sample Total  Cum. 
Vol. (mm
3/g) 
Bulk Density 
(g/cm
3) 
Porosity 
(%) 
Pore Radius Average 
(µm) 
Surface 
Area (m
2/g)
Sample 
1 
128.4 2.09  26.8  0.18  3.43 
Sample 
2 
158.4 1.87  29.6  0.21  5.62 
Table 3: Mercury intrusion porosimetry results 
 
The adsorption curves show slight differences between sample 1 and 2. The fresco 
sample, after the application of the consolidant of the pigmented layer and the fixative 
shows lower permeability to vapour than the mortar of the vault patch. 
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Figures 12 & 13: Sorption analysis results The results allowed the authors to comment the use of IRT application in planned 
conservation. 
Resuming the planned conservation requirements [8]: 
- A deep knowledge of the building, in order to identify points at risk, problems of 
compatibility between different materials, parameters to be controlled in order to avoid 
the rising of defects. 
- A study of the best ways to use the building, so that basic prevention takes place. 
- A close control of the real interventions, often more or less varied from the projects. 
- Repeating of tests at scheduled times, in order to detect failure processes at their very 
beginning, so that it will be possible to give “a stitch in time”. 
As the case study shows, passive approach cannot distinguish the differences of 
components, but only the surface gradients due to moisture or high differences of thermal 
characteristics. 
Using active approach, reliable and succesfull tests can be accomplished; the duration 
and kind of heating is the key factor to obtain information. 
As long as the heating is concerned, different layers can be detected. For instance, the 
differences of the plaster in the vaults or the texture beneath the plaster were detected. 
The study case showed up that:  
  First coming (within 10 minutes): differences of components in the mortars  
  Second coming: high difference of surface materials (stone and mortar) 
  Third coming (dependently on the thickness of plaster and its properties): texture 
of the wall. 
Identifying differences and discovering the hidden structures of the masonry is the main 
way to understand which are the risk points, and which are the problems and the probable 
failure modes. The use of IRT is a simple and non-destructive way to have a glance at the 
irregularities of the masonry. 
 
Conclusions: The possibility to include IRT among the techniques for planned 
conservation depends on the reliability of the procedures in the field and its low costs. 
The common use of IRT in detecting differences of texture in plasters and masonries may 
be useful if adopted with the vision of identifying risk areas and compatibility problems. 
Recent experiences show the possibility of using IRT for mapping effectiveness of 
surface restorations, and this is a useful tool for planned conservation as well. As a 
monitoring technique, IRT is needed for some experimented procedures and standards; a 
photogrammetry or rectification support can decisively improve the data comparison and 
add significance to the valutation of the results. 
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